It is common to test medical devices in large animal studies that are or could also be used in humans. In this short report we describe the use of a ureteral J-stent for the evaluation of biodegradable tubular constructs for tissue reconstruction, and the regeneration of ureters in Saanen goats. Similarly to a previous study in pigs, the ureteral J-stent was blindly inserted until some resistance was met. During evaluation of the goats after three months, perforation of the renal cortex by the stent was observed in four out of seven animals. These results indicated that blind stent placement was not possible in goats. In four new goats, clinical protocols were followed using X-ray and iodinated contrast fluids to visualize the kidney and stent during stent placement. With this adaptation the stents were successfully placed in the kidneys of these four new goats with minimal additional effort. It is likely that other groups in other fields ran into similar problems that could have been avoided by following clinical protocols. Therefore, we would like to stress the importance of following clinical protocols when using medical devices in animals to prevent unnecessary suffering and to reduce the number of animals needed.
The application of new surgical techniques often requires evaluation in large laboratory animals to study the effectiveness and safety. 1 This is especially important in emerging fields such as tissue engineering and regenerative medicine. Tissue engineering aims to replace damaged organs and tissues by providing an alternative to autologous donor tissue or when standard surgical procedures are not possible. 2 One tissue engineering application that we are interested in is the replacement of a long segment of the ureter with a tubular template after trauma or iatrogenic injury. 3 To prevent obstruction and kidney damage a ureteral stent is placed during surgery. This stent facilitates sufficient urine transport during the initial wound healing phase, which is accompanied by tissue contraction and scar formation. A 'J' tail curl at the ends helps to keep the stent in the correct place. 4 In previous pig studies by our group, blind insertion of this stent into the proximal ureter/pyelum of the kidney was uneventful. 5 Recently, we switched from young Landrace pigs to adult goats as our animal model for ureter reconstruction because the pigs used were growing at a fast rate (30 kg weight gain in 3 months). The rapid growth was also associated with fast wound healing as evidenced by the fast skin closure in a stoma model, which may have influenced the regenerative outcome. 6 Despite the smaller overall size of the kidneys, pyelum and ureteral diameter, stenting was easily performed in the cadaver material in preparation for the animal experiment.
Initially, seven female Saanen goats (Fam. Van Dijk, Achterberg, The Netherlands) weighing 50-70 kg were used in this study (based on power analysis). The study was approved by the Nijmegen Medical Center animal ethics committee (RU-DEC-2014-223), and all procedures were performed according to the Institute of Laboratory Animal Research guide for laboratory animals. 7 As catheterization was required, only female goats were used due to the curved urethra in male goats. The goats were housed in groups at the Institute's farm with free access to water and a restricted diet. They were sedated according to the Institute's protocol prior to surgery, and were treated with analgesia and antibiotics afterwards. In all goats, the right ureter was located and mobilized through a flank incision. The ureter was cut, spatulated and the ureteral stent (4.7 Fr/22-32 cm multi-length double J stent, Inlay Optima; Bard Medical, Covington, GA, USA) was blindly inserted into the proximal ureter until some resistance was met as an indicator of its correct positioning. At that point, the guide wire was removed to allow the proximal 'J' to curl inside the pyelum. The tissue-engineered template was positioned over the stent and the stent was then inserted into the distal ureter and urinary bladder. Finally, the tissueengineered template was connected to both spatulated openings of the ureter by end-to-end anastomosis.
After three months the goats were killed by an overdose of pentobarbital for evaluation. We noticed that the stents had perforated the kidneys in four out of seven treated goats (Figure 1 ). In one case this resulted in a large urinoma on top of the kidney, while in the other three cases inflammation in the kidneys was noted. This clearly was an unwanted result; the wound healing results were unreliable and this may have caused unnecessary suffering for the goats. Upon close inspection of the harvested tissue, it was obvious that the kidney tissue of the goats was much softer than that of the pigs. This may have been missed in the cadaver study due to the room temperature and the clotting of blood in the highly vascularized kidney, which may have increased the stiffness and resistance of the kidney. In addition, due to the small size of the renal calyces and pyelum, it was difficult for the 'J' end of the stent to correctly curl inside the kidney. Therefore, it was more likely that the stent had penetrated the kidney cortex during placement.
In routine human clinical practice, ureteral stents are mainly inserted using contrast fluids and with X-ray guidance. 8 This allows visualization of the kidney, and correct positioning of the stent inside the pyelum can be verified. In view of the observed kidney perforations, we used iodinated contrast fluids (Iomeron 300, Bracco Imaging, Konstanz, Germany) and C-arm X-ray (Veradius, Philips, Amsterdam, The Netherlands) guidance to position the ureteral stent in an additional four goats (Figure 2 ). By following this clinical protocol, we managed to successfully position the stent with a minimal increase in surgery time. When the ureteral stent penetrated the renal cortex (Figure 2b ), we were able to adjust the position until the stent was correctly placed (Figure 2c ). This way we avoided unwanted side-effects, and the regeneration of the ureter progressed as was initially intended in the experiment.
It is likely that other groups in different fields have similar experiences with the use of medical devices in their experiments. Based on our experience with ureteral stenting in goats, we would like to advise the use of routinely applied clinical techniques when using medical devices in animals. This refinement is often fast and easy to perform and should prevent unnecessary suffering in animals and reduce the number of animals required due to technical failures.
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Résumé
Dans les grandes études chez l'animal, il est courant de tester des dispositifs médicaux qui sont ou pourraient être utilisés chez des patients. Dans ce bref rapport, nous décrivons l'utilisation d'un stent urétéral mono J pour l'évaluation de structures tubulaires biodégradables pour la reconstruction tissulaire et la régénération de l'urètre chez des chèvres Saanen. Comme lors d'une étude précédente chez le cochon, le stent urétéral mono J était inséré sans contrôle visuel jusqu'à ce qu'une certaine résistance soit ressentie. Lors d'un examen des chèvres après trois mois, nous avons observé une perforation du cortex rénal par le stent chez quatre des sept animaux. Ces résultats indiquaient que la pose de stent sans contrôle visuel n'était pas possible chez la chèvre. Chez quatre autres chèvres, les protocoles cliniques ont été suivis avec utilisation de systèmes de radiographie et d'agents de contraste iodés pour visualiser le rein et le stent pendant le placement de ce dernier. Dans ces conditions, les stents ont été correctement placés dans les reins des quatre chèvres au prix d'un effort supplémentaire minimal. Il est probable que d'autres groupes dans d'autres domaines ont rencontré des problèmes similaires qui auraient pu être évités en observant les protocoles cliniques. Par conséquent, nous souhaitons souligner l'importance de l'observance des protocoles cliniques pour l'utilisation de dispositifs médicaux chez l'animal afin d'éviter les souffrances inutiles et de réduire le nombre d'animaux nécessaire.
